The role of surfactant protein A (SP-A) in the recognition and clearance of apoptotic cells is well established, but to date, it is still not clear which surface molecules of apoptotic cells are involved in the process. Here we present evidence that phosphatidylserine (PS) is a relevant binding molecule for human SP-A. The binding is Ca 2+ -dependent and is not inhibited by mannose, suggesting that the sugar-binding site of the carbohydrate recognition domain (CRD) of SP-A is not involved. Flow cytometry studies on apoptotic Jurkat cells revealed apparent inhibition of annexin V binding by increasing concentrations of SP-A in late apoptotic but not early apoptotic cells, and this was consistent for Jurkat cells and neutrophils. Supporting these data, confocal microscopy results show a co-localisation of annexin V and SP-A in late apoptotic but not early apoptotic cells. However, we cannot conclude that this inhibition is exclusively due to the binding of SP-A to PS on the cell surface, as annexin V is not wholly specific for PS and SP-A also interacts with other phospholipids that might become exposed on the apoptotic cell surface.
INTRODUCTION
Apoptosis is a genetically programmed cell death conserved throughout phylogeny, and provides a counterbalance to mitosis in the regulation of tissue growth and homeostasis (Kerr et al., 1972; Wyllie et al., 1980) . Engulfment of apoptotic bodies and debris represents the outcome of the death program for most cells in multicellular organisms.
Macrophages and other cells manifest their phagocytic potential by clearance of apoptotic bodies from tissues, thus preventing their lysis and the consequent release of toxic or immunogenic intracellular components. By inducing the release of mediators such as TGF-β, IL-10, prostaglandin E2 and others, clearance of apoptotic cells also sets up an anti-inflammatory milieu within the tissue Henson et al., 2001) .
Relatively recently, a role has been proposed for innate defence molecules in the recognition and clearance of dead and dying cells, which, if left in situ, may be as harmful to surrounding tissues as any pathogenic entry. Evidence indicates that members of the collectin family participate in apoptotic cell removal in vivo and in vitro (Schagat et al., 2001; Vandivier et al., 2002; Clark et al., 2003; Nauta et al., 2004) . The collectins, which include surfactant protein A (SP-A), surfactant protein D (SP-D) and mannan-binding lectin (MBL), belong to a group of proteins that are characterized by the presence of multiple copies of a collagen-like domain and a C-type lectin domain, also referred to as a calcium-dependent carbohydrate recognition domain (CRD) (Thiel and Reid, 1989; Holmskov et al., 1994; Hoppe and Reid, 1994; Crouch, 1998) . These multimeric glycoproteins, which belong to the C-type lectin superfamily (Weis et al., 1998) , can bind to specific patterns of carbohydrates found on the surface of a wide variety of microorganisms. This binding is mediated by interactions of the CRD with terminal monosaccharide residues that are characteristic for microbial surfaces, which therefore enables discrimination between self and non-self (Weis et al., 1998; Lu et al., 2002) . Binding of collectins can lead to direct agglutination and neutralization of microorganisms, to opsonisation in order to present bound microbes directly to phagocytes , or, for MBL only, to complement activation via the lectin pathway (Wallis, 2002) . Consequently, collectins are considered to be important sugar pattern recognition molecules of the mammalian innate immune system that can interact directly with live pathogens, and therefore play important roles in the first line defense against microbes.
It has been shown that SP-A and SP-D act as bridging molecules that bind to both apoptotic cells and phagocytes to enhance recognition and clearance, by creating a physical link between the phagocyte and the apoptotic cell to be engulfed. SP-A and SP-D promote the uptake of apoptotic cells by alveolar macrophages in vitro (Schagat et al., 2001; Vandivier et al., 2002) and in vivo . Uptake of SP-A and SP-D-coated apoptotic cells by macrophages may be via calreticulin-CD91 (Ogden et al., 2001; Vandivier et al., 2002) .
It seems that the profound changes to cell membranes that occur during apoptotic processes are likely to cause changes in surface charge, carbohydrate, lipid or protein moieties that may present entities to which SP-A, SP-D and other putative bridging molecules bind (Hart et al., 2000) . These may then act as molecular flags of apoptotic cells, alerting immune surveillance cells that engulf and digest the apoptotic cells. However, these changes in cell surface entities and the subsequent interactions of the defence mediators are as yet poorly characterised.
The lung collectin-binding site(s) on the apoptotic cell membrane are still poorly documented, due largely to the continuous modifications that take place on the surface of cells undergoing apoptosis.
A strong candidate for a role as apoptotic surface molecule marker is phosphatidylserine (PS); relocated from the inner to the outer membrane of many cell types following the loss of membrane phospholipid asymmetry during apoptosis (Homburg et al., 1995) , the anionic PS may be part of the mechanism by which phagocytic cells recognise apoptosis.
In view of the crucial role of lung-collectin-mediated phagocytosis in the maintenance of immune tolerance, this study sought to investigate PS as a possible binding molecule for SP-A on apoptotic cells. (Jakel et al., 2009) .
RESULTS

SP-
During these studies, it was observed that SP-A, but not SP-D, inhibits the binding of annexin V. and this was further investigated. Early and late apoptotic Jurkat cells and neutrophils were simultaneously incubated with FITC-labelled annexin V, 7-AAD and unlabelled SP-A in different concentrations. The inhibition of annexin V binding was monitored by flow cytometry. Cells were gated by annexin V and 7-AAD characteristics.
As shown in Fig. 1A , with increasing concentration of SP-A, the fluorescence intensity of annexin V binding to early apoptotic Jurkat cells remains relatively constant (Table 1, , suggesting that SP-A does not inhibit the binding of annexin V and therefore is not binding to PS, or otherwise interfering with the binding of annexin V.
In contrast, a significant decrease by up to~90% of annexin V-binding to late apoptotic Jurkat cells was observed with increasing concentrations of SP-A, indicating that SP-A interfered with the binding of annexin V (Table 1, . (Table 1, . This inhibition is stronger in early apoptotic Jurkat cells. Perhaps due to the spontaneous apoptosis in neutrophils over a period of 24 h, some neutrophils might represent a status between early and late apoptotic conditions. Examination of annexin V-binding with addition of SP-A to late apoptotic neutrophils showed that SP-A inhibits the binding of annexin V by~60% at 10 µg and~90% at 20 µg of SP-A (Table 1, . These inhibition studies were performed in strict Ca 2+ conditions as annexin V requires Ca 2+ for its binding to the cell surface. It was therefore not possible to explore the Ca 2+ -dependence of SP-A binding to its target on the apoptotic cell. In summary, the present data show an inhibition of annexin V-binding by SP-A to late apoptotic but not early apoptotic cells in both Jurkat cells and neutrophils. Since annexin V is generally associated with PS, direct interaction of PS and SP-A was examined.
SP-A binds to PS in a Ca
2+ -dependent manner
In order to investigate which part of SP-A might be involved in the binding to PS, direct binding analysis were performed in an ELISA approach with PS liposomes coated onto microtitreplates and incubated with different concentrations of SP-A in the presence of 2.5 mM CaCl 2 or 1 mM EDTA. As shown in Fig. 2 , SP-A binds to PS in a concentrationand Ca 2+ -dependent manner. The addition of 100 mM mannose did not reduce the binding of SP-A to PS in Ca 2 + conditions ( Fig. 2D ). With addition of EDTA, the binding of SP-A was inhibited by~60% for both tested concentrations ( Fig. 2B and 2C ). These data suggest that a Ca 2+ -sensitive site other than the sugar-binding site on the CRD region is involved in the binding of SP-A to PS. In order to confirm these findings, PS liposomes in suspension were incubated with SP-A in the presence of 2.5 mM CaCl 2 and 1 mM EDTA. After washing, bound protein was analysed by SDS-PAGE. As shown in to PS-vesicles in a Ca 2+ -dependent manner, and there was no detectable binding in EDTA buffer.
SP-A binds to other phospholipids (PLs) in a Ca 2+ -dependent but lectin-independent manner
To investigate whether the binding of SP-A to PS was specific, an ELISA with different PL liposomes (PA, PE, PI, PG, CL and DPPC) was performed. SP-A in different concentrations was incubated with immobilised PLs in CaCl 2 or EDTA and with the addition of mannose. As shown in Fig. 4 , SP-A binds to all tested PLs in a concentration-and Ca 2+ -dependent manner (Fig. 4) . The binding to all tested PLs was not inhibited by mannose, suggesting that the sugar-binding site of the CRD is not involved. The binding in the presence of EDTA was remarkably decreased by 40%-50% in PA and PE, whereas the binding to PG, CL and DPPC was inhibited almost down to the negative control.
SP-A and annexin V co-localise on late apoptotic Jurkat cells
To investigate the SP-A binding in the presence of annexin V on early and late apoptotic Jurkat cells, a collectin binding assay with SP-A and FITC-labelled annexin V on early and late apoptotic Jurkat cells in Ca 2+ conditions was performed and the bindings were examined by confocal laser scanning microscopy. If SP-A and annexin V bind to the same targets on the cell surface, an overlap of fluorescent colours (colocalisation) is expected.
As shown in Fig. 5A , for early apoptotic Jurkat cells, the binding of annexin V indicated apoptotic status, but only little SP-A bound, mainly to visible apoptotic blebs that indicate an advanced apoptotic stage of the cell. There was no detectable colocalization except the minor overlap of fluorescence in the apoptotic blebs. This finding is consistent with previous results that SP-A bound weakly to early apoptotic Jurkat cells (Jakel et al., 2009) . It is likely that the binding of SP-A in the flow cytometry assay also occurred to apoptotic blebs in early apoptotic Jurkat cells, and the SP-A binding was strictly Ca 2+ -
dependent. It was not tested here whether the specific binding of SP-A to the apoptotic blebs was inhibited by EDTA as colocalising experiments of SP-A and annexin V in microscopy must be performed in the presence of Ca 2+ to allow the binding of annexin V. In contrast to the early apoptotic cells, late apoptotic Jurkat cells bind SP-A strongly throughout the cell membrane, particularly within the apoptotic blebs. There is also strong annexin V binding and the merged image shows good overlap of fluorescence, but complete co-localisation was not observed, possibly due to inhibition of annexin V-binding by SP-A as previously described (Jakel et al., 2009) . These data confirmed a much stronger binding of SP-A to late apoptotic than to early apoptotic cells as judged by the fluorescence intensity.
SP-A does not interact directly with immobilised annexin V
In order to investigate whether SP-A interacts directly with annexin V and thereby inhibit the binding to apoptotic cells, a microtitre plate binding assay in 2.5 mM CaCl 2 or 1 mM EDTA was performed. The positive controls ensured the detection of SP-A (Fig. 6D ) and the coating of annexin V (Fig. 6E) . However, there was no binding of SP-A to immobilised annexin V as compared to the negative control ( Fig. 6B and  6C ).
DISCUSSION
PS is an aminophospholipid carrying a phosphoserine headgroup, which gives this phospholipid a negative charge at pH 7.4. It is a major constituent of the plasma membrane. In normal conditions, the phospholipids of the plasma membrane are distributed asymmetrically between the outer and inner layers of the membrane. Choline-containing lipids, such as PC and sphingomyelin, are concentrated on the outer leaflet, whereas the aminophospholipids, including PE and PS, are present in higher abundance on the inner leaflet. Loss of phospholipid asymmetry and exposure of phosphatidylserine was first demonstrated for apoptotic lymphocytes (Fadok et al., 1992b; Schlegel et al., 1993) and these findings have been confirmed for a number of cell types, including neutrophils, tumor cell lines, smooth muscle vascular cells, spermatogonia and Jurkat T-cells (Fadok et al., 1992a; Bennett et al., 1995; Homburg et al., 1995; Martin et al., 1995; Shiratsuchi et al., 1997) . Because exposure of PS appears to be a universal feature of apoptotic cells, it is now used as a marker in flow cytometry assays utilising fluorochromelabelled annexin V, which binds to PS in a Ca 2+ -dependent manner (Vermes et al., 1995) . It has previously been shown that human MBL, a C-type lectin which is structurally closely related to SP-A, binds to PS in a concentration-and Ca 2+ -dependent manner: the binding was inhibited by various monosaccharides, indicating that the CRD region of the protein is involved in the binding (Kilpatrick, 1998) . The binding of another innate immune recognition molecule, C1q, to PS and other anionic phospholipids adsorbed to microtitre plates or incorporated into liposomes has been shown in our laboratory (Sim et al., 1998) . Using recombinant globular heads of C1q, it was demonstrated that the binding of C1q to phospholipids occurred via its globular heads. These data were confirmed by Paidassi et al. (2008) , who investigated the binding behaviour of C1q to PS and concluded that C1q recognizes PS specifically through multiple interactions between its globular domain and the phosphoserine group of PS. Initially, the binding studies of SP-A to cells in different viability stages showed that the binding of annexin V to late apoptotic cells was significantly reduced with increasing concentrations of SP-A (Fig. 1, Table 1 ), whereas this did not happen with SP-D (data not shown). This suggested that Protein & Cell SP-A may compete with annexin V for the binding to PS. To confirm this hypothesis, a competition assay was designed to investigate the direct inhibition of annexin V binding to the cell surface by addition of increasing concentrations of SP-A.
These experiments were performed on early and late apoptotic Jurkat cells and human neutrophils.
Direct binding of SP-A to PS liposomes was then demonstrated using liposomes in suspension or coated on ELISA plates (Fig. 2 and 3 ). Binding occurred in both conditions and was Ca 2+ -dependent. However, SP-A also bound to other PLs in similar conditions (Fig. 4) . To confirm co-localisation of annexin V and SP-A, laser scanning confocal microscopy was performed on early and late apoptotic Jurkat cells (Fig. 5) . Finally, an ELISA was performed to exclude a direct interaction of SP-A with annexin V (Fig. 6) . The results show the novel finding that SP-A interacts with PS. The binding is Ca 2+ -dependent and is not inhibited by the addition of mannose, suggesting that the sugar-binding site of the CRD region is not involved. Studies using early and late apoptotic Jurkat cells and neutrophils showed an inhibition of annexin V-binding by SP-A on late apoptotic but not on early apoptotic cells, and these data were supported by the observation that SP-A does not co-localise with annexin V on early apoptotic but does on late apoptotic cells. Annexin V is commonly considered highly specific for PS. However, previous results suggested a relatively unimportant role for the phospholipid headgroup as a determinant for the annexin V phospholipid-binding sites based on the similarities of PS and PC binding (Meers and Mealy, 1993) . Further studies using various PLs with different headgroups showed that annexin V interacted comparably in a Ca 2+ -dependent manner with PS, PC, PA, PE and PG and that only the binding to PI was markedly weaker than that to the other PLs. With addition of EDTA, the interaction of annexin V with all tested PLs was inhibited (Meers and Mealy, 1994) . Therefore, the binding of annexin V to PS can be regarded as a feature of a broader specificity.
Interactions of SP-A with other PLs are well established. Early studies by Kuroki and Akino (1991) reported that SP-A binds DPPC. Their proposal was derived from interaction studies between labelled 125 I-SP-A and phospholipids immobilized on thin layer chromatography silica gel plates (Kuroki and Akino, 1991) . In another study, measurements of the intrinsic tryptophan fluorescence showed that the interaction of SP-A with DPPC was stronger than with other phospholipid vesicles (Casals et al., 1993) . In contrast to other studies, this interaction appeared to be independent of Ca 2+ . A detailed analysis of the lipid binding properties of SP-A showed that liposomes with different phospholipid compositions containing saturated and/or unsaturated fatty acids undergo similar Ca 2+ -dependent interactions with SP-A (Meyboom et al., 1999) . Five different derivatives of PC with saturated and unsaturated fatty acids as well as PG, PE and PI were used and the binding behaviour of SP-A to these PLs was examined. SP-A bound to PC and PI in similar manners, while the interactions with PE and PG were weaker. However, SP-A did not exhibit high specificity for either the polar or the apolar moiety of phospholipids. Thus, both head group and fatty acid composition are relevant to SP-A phospholipid interaction.
Our results show that SP-A binds to different PLs in a Ca 2+ -dependent manner, which was not inhibited by mannose, suggesting involvement of a non-sugar binding-site of the CRD region. These results are consistent with the observations made with PS ( Fig. 2) and with previous findings that did not include PS in studies (Meyboom et al., 1999) . As shown in the SP-A/annexin V inhibition assay, the impact of SP-A on annexin V-binding is most remarkable in late apoptotic cells, but for these cells, SP-A binding is largely Ca 2+ -independent (Jakel et al., 2009) . Therefore, most binding of SP-A to late apoptotic cells is not to PLs. If annexin V and SP-A are competing for the same target, it could well be a phospholipid (not necessarily only PS). However, PL may be the major (most abundant) binding site for annexin V, but not for SP-A.
MATERIALS AND METHODS
All chemicals used were purchased from Sigma unless otherwise stated.
Protein purification
Native human SP-A was purified from bronchiolar lavage fluid (BALF) obtained from alveolar proteinosis patients as described previously (Suwabe et al., 1996) . Purity of the protein was verified by SDS-PAGE analysis and was > 95%. The purified protein was dialysed into TBS-buffer (20 mM Tris, 150 mM NaCl, pH 7.4) and concentrated up to 1 mg/mL using Amicon filter units (cut off 100 kDa, Amicon, Denver, CO, USA). Endotoxin was removed from purified SP-A by passing the protein solution through a 10 mL Polymyxin B column (Pierce, Rockford, IL, USA) in sterile TBS with 0.02% (w/v) sodium azide. Remaining levels of endotoxin were assayed using a Limulus Amoebocyte Lysate kit according to the manufacturer's instructions (BioWhittaker, Gaithersburg, MD, USA). An endotoxin level of < 10 pg per microgram of protein was judged acceptable to use in cell-based assays.
Purification of neutrophils and induction of apoptosis
Human neutrophils were isolated and the spontaneous apoptosis was induced by incubating the cells over a time course of 48 h as previously described (Jakel et al., 2009) . Early apoptotic cells were harvested after 24 h, and late apoptotic cells were obtained after 48 h. Confirmation of early and late apoptosis was assessed by double staining cells with FITC-labelled annexin V (Immunotools, Friesoythe, Germany) and 7-AAD (BD Pharmingen, San Diego, CA, USA) and subsequent detection by flow cytometry using a FACScan instrument (Becton Dickinson Immunocytometry Systems, San Jose, CA, USA) as previously described (Jakel et al., 2009) . Briefly, 500,000 cells were resuspended in 50 µL TBS containing 20 mM CaCl 2 , 1% (w/v) BSA, 20-fold diluted FITClabelled annexin V and 7-AAD for 1 h at room temperature (RT). After incubation, cells were centrifuged for 10 min at 800 g and washed once in the same buffer before fixing in 200 µL TBS containing 20 mM CaCl 2 and 1% (v/v) formaldehyde for 15 min. Acquisition and processing of data from 10,000 cells per sample was carried out with the CellQuest Software (Becton Dickinson). Early apoptosis corresponds to annexin V binding without 7-AAD uptake while late apoptosis was judged by binding of annexin V and 7-AAD uptake (Jakel et al., 2009 ).
Induction of apoptosis in Jurkat cells
Jurkat E6.1 cells were cultured in RPMI 1640 (BioWhittaker) supplemented with 2 mM L-glutamine, 100 U/mL penicillin and 100 µg/mL streptomycin (one vial containing all three components, Sigma, St. Louis, IL, USA), 10% (v/v) FCS (PAA Laboratories, Linz, Austria), 1% non-essential amino acids (Invitrogen, Carlsbad, CA, USA) and 1% Na-pyruvate (Invitrogen) at 37°C, 5% CO 2 and 95% humidity. Apoptosis was induced as previously described (Jakel et al., 2009 ) by adding a 1 mM staurosporine stock solution to a final concentration of 1 µM. Cells were incubated over a time course of 0 to 15 h. Early apoptotic cells were obtained after 6 h while late apoptotic cells were harvested after 15 h. After incubation, cells were harvested and centrifuged at 800 g for 10 min. After washing the cells twice in TBS containing 1% (w/v) BSA, confirmation of early and late apoptosis was performed as described above. 
Preparation of phospholipid liposomes
To generate multilamellar phospholipid vesicles, 30 μmol of lyophilised powder of dipalmitoyl-phosphatidylcholine (DPPC, Cat# 850457), phosphatidylethanolamine (PE, Cat# 850757), phosphatidic acid (PA, Cat# 840857), phosphatidylserine (PS, Cat# 840039) or phosphatidylglycerol (PG, Cat# 840465), all purchased from Avanti Polar Lipids, Alabaster, AL, USA, and phosphatidylinositol (PI, Cat# P6636-1G, Sigma) as well as cardiolipin (CL, Cat# C-1649, Sigma) were dissolved in 200 µL chloroform followed by vigorous vortexing to ensure complete mixing of the lipid components. The resulting solution was dried under a stream of oxygen-free nitrogen in a glass scintillation vial. The lipid cake was then rehydrated with 300 µL TBS at 34°C for 1 h with vigorous vortexing for 20 s every 15 min followed by a further rehydration for 2 h at RT.
ELISA
The following general procedure was used to examine the binding of SP-A to immobilised phospholipid liposomes, annexin V and mannose. 96-well Maxisorp microtitre plates (Nunc, Denmark) were coated with 10 µg/mL annexin V (ImmunoKontact, Abingdon, UK), 20 µg/mL mannose or 25 µL (5 µmol) of the prepared liposome suspension in 100 µL TBS, and left overnight at 4°C. Wells were then washed three times with 200 µL TBS containing 0.05% Tween-20 (TBS/Tween) and blocked with 200 μL TBS containing 1% (w/v) BSA (TBS/BSA) for 30 min at RT. After washing three times again with TBS/Tween, SP-A (10 or 20 µg/mL) in 100 μL TBS/BSA was added to each well. Addition of these ligands to uncoated, blocked wells served as background controls. After incubating for 1 h at RT and washing three times with TBS/Tween, bound SP-A was detected by incubation for 1 h at RT with 100 µL of 1 µg/mL biotinylated monoclonal anti-SP-A antibody (Antibodyshop, Gentofte, Denmark) in TBS/BSA. After washing with TBS/Tween, 100 μL of 200-fold diluted streptavidin-HRP (Sigma, Cat# S5512) in TBS/BSA was added to each well, and plates were incubated at RT for 1 h prior to washing. Finally, substrate and corresponding buffer were prepared by dissolving one Sigma FAST™ o-phenylenediamine dihydrochloride tablet set in 20 mL water and 100 µL of this solution was added to each well. The reaction was stopped with 100 μL 1M H 2 SO 4 . Absorbance values were measured at 492 nm, and background control values were subtracted from sample values.
Binding of lung collectins to soluble PS liposomes
One hundred microliter of the prepared solution of PS liposomes (10 µmol) was spun down at 9000 g for 15 min. The pellet was incubated with 1 µg SP-A in 50 µL TBS containing 2.5 mM CaCl 2 or 1 mM EDTA for 1 h at 37°C. The liposomes were then washed twice with 400 µL TBS (containing CaCl 2 or EDTA) and the resulting pellet was analysed by SDS-PAGE to determine the binding of SP-A.
SDS-PAGE
Protein samples were prepared by diluting with 1/3 volume of 4× NuPAGE® SDS sample buffer (Invitrogen) and 1/9 volume of reducing agent (Invitrogen). The samples were incubated at 95°C for 5 min. Pre-stained low molecular marker (Invitrogen) was used as protein standard. NuPAGE® 4%-12% Bis-Tris-HCl gels (Invitrogen) were run at 200 V and 400 mA in 1×NuPAGE® MES SDS running buffer (Invitrogen) for approximately 30 min. After electrophoresis, gels were stained with SilverQuest™ Silver Staining Kit (Invitrogen) according to the manufacturer's instructions.
Confocal laser scanning microscopy
Visualisation of fluorescently-labelled proteins on the surface of human cells was achieved using a confocal laser Scanning Microscope Zeiss LSM 510 Meta and LSM software (Carl Zeiss Ltd, Welvyn Garden City, UK).
Binding of SP-A to early and late apoptotic Jurkat cells was detected with biotinylated mouse monoclonal anti-human SP-A antibody followed by simultaneous incubation with streptavidin-PE and annexin V-FITC, as previously described (Jakel et al., 2009) . Briefly, 500,000 cells were suspended in 20 mM Tris, 150 mM NaCl, pH 7.4 (TBS) plus 1% (w/v) BSA (TBS/BSA) and centrifuged at 800 g for 10 min. The pellet was resuspended in 50 µL of the same buffer containing 2.5 mM CaCl 2 and SP-A (10 µg in 10-20 µL) was added before incubating the samples for 1 h at RT. After spinning at 800 g for 10 min, the pellet was washed once in 200 µL TBS/BSA containing 2.5 mM CaCl 2 , resuspended in 50 µL of the same buffer containing biotinylated anti-SP-A monoclonal antibody (1 µg/mL final concentration, Antibodyshop) and incubated for 1 h at RT. After spinning at 800 g for 10 min and washing with TBS/BSA containing 2.5 mM CaCl 2 , phycoerythrine (PE)-labelled streptavidin (200-fold diluted, Immunotools, Cat# 31274244) was added to the pellet in a total volume of 50 µL TBS/BSA containing 2.5 mM CaCl 2 and incubated for 1 h at RT in dark. After washing and fixation of the cells in 200 µL TBS containing 2.5 mM CaCl 2 and 1% (v/v) formaldehyde for 15 min, cells were centrifuged again for 10 min at 800 g. The pellet was dissolved in 20 µL ProLong® Gold antifade reagent with DAPI mounting medium (Invitrogen). Cells were mounted on glass slides, covered with cover slips and cured for 24 h prior to imaging. Serial optical sections were taken at 1 µm intervals throughout the thickness of all cells. Analysis and image overlay was performed using the public domain NIH Image program (developed at the U.S. National Institutes of Health and available on the Internet at http://rsb.info.nih. gov/nih-image/).
Statistics
Data are presented as means ± standard deviation, unless otherwise stated. All experiments have been performed at least twice on different days and with different donors if neutrophils have been involved.
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ABBREVIATIONS
7-AAD, 7-Amino-actinomycin D; BALF, bronchiolar lavage fluid; CL, cardiolipin; CRD, carbohydrate recognition domain; DPPC, dipalmitoyl phosphatidylcholine; FCS, foetal calf serum; MBL, mannanbinding lectin; MFI, mean fluorescence intensity; OD, optical density; PA, phosphatidic acid; PE, phosphatidylethanolamine; PG, phosphatidylglycerol; PI, phosphatidylinositol; PL(s), phospholipid(s); PS, phosphatidylserine; SP-A, surfactant protein A; SP-D, surfactant protein D
